Evaluation of induced arterial toxicity in safety assessment of drugs involves recognition of morphologic differences between groups of animals. In this organ system, as in all others, it is necessary to be familiar with the background pathologythat can occur in control animals of the test species,since such lesion "noise" may complicatethe evaluation ofdrug-relatedeffects ifnaturally occurringdiseaseshave morphologicfeatures in common with those that can be produced by drugs.
INTRODUCTION
Evaluation ofinduced arterial toxicity in the safety assessment of drugs involves recognition ofmorphologic differences between groups of animals. In this organ system, as in all others, it is necessary for pathologists to be familiar with the background pathology that can occur in control animals of the test species, since such lesion "noise" may complicate the evaluation ofdrug-related effects if naturally occurring diseases have morphologic features in common with those that can be produced by drugs.
In marked contrast with the situation in human pathology, arterial lesions have been considered relatively less important in breeds ofdomesticated dogs and in the laboratory-maintained beagle. Further-more, few naturally occurring arterial lesions lead, per se, to functional compromise of the organs in which they occur. Arterial lesions are, however, not uncommon incidental necropsy findings in dogs. There are genuine difficulties in commenting on the incidence of such morphologic lesions in domesticated dogs. Since many lesions are of only microscopic extent and produce little if any functional effect, their recognition and reporting may reflect, to a large extent, the interest and thoroughness of individual veterinary pathologists and the accessioning and retrieval methodologies used in recording the morphologic data in veterinary medical centers. Such limitations are less applicable to' the situation in biomedical laboratories conducting dog studies and it seems clear that, in recent years, background arterial lesions in the laboratory-maintained beagle have been uncommon (18, 44) .
The scope of this presentation is to summarize the main morphologic patterns of arterial lesions in studies. Congenital vascular lesions and vascular components of congenital cardiac defects are excluded from consideration. The taxonomic approach is from the perspective of basic pathologic terminology so that separate nosologic entities can be assigned to sets that emphasize shared morphologic features. The main patterns can be classified in this way as degenerative, proliferative, or inflammatory, although there is overlap between these partly arbitrary designations. Pathogenetic aspects of the arterial lesions described are mentioned, ifat all, only briefly since that is the scope of other contributions to this symposium.
NATURALLY OCCURRING ARTERIAL LESIONS
The main categories of arterial lesion considered in this presentation are listed in Tables I and II and discussed further below.
Degenerative Processes
This descriptive term includes a number of morphologically and pathogenetically different entities. They have in common the replacement or loss of arterial wall structure(s). Ifthe change involves many vessels, or is sufficiently severe', there may be consequential interference with blood flow. Examples of degenerative arterial lesions are described below.
Hyalinosis. This describes the presence of amorphous, homogeneous, eosinophilic material within the tunica intima or tunica media. Hyalinosis is a common incidental microscopic finding in splenic arterioles (2) where it appears to be ofno functional consequence. The incidence is age-related and is greater in dogs with chronic interstitial nephritis, where hypertension may playa role in pathogenesis (3). The lesion resembles that seen in renal arteriolar sclerosis which occurs in benign hypertension in man. A similar histologic appearance is common in intramural coronary arteries and arterioles of the ageing dog (Fig. 1) . The lesion is most common in the left ventricular papillary muscle and consists of (20) .A·type hyaline appears to be derived from plasma and contains fibrin, cholesterol, triglycerides, lecithins, and cephalins. B-type hyaline is thought to be derived from degeneration ofmural smooth muscle arid connective tissues.
Amyloidosis. This is common in intramural coronary arteries, with a distribution and histologic appearance similar to those described for hyalinosis. Amyloid is distinguished from hyaline by special stains such as Congo Red, Sirius Red, and Thioflavine-T (Fig. 2) . The nature of coronary arterial amyloid has not been systematically studied: some is of AA-type, sensitive to KMn0 4 oxidation, as with other examples of canine amyloid (27) . The lesions are most common in middle-sized and small intramural branches; large extramural coronary arteries are not usually involved. Similar changes are seen in the meningocerebral arteries ofthe older dog (8, 29) . Expansion of the tunica intima by amyloid deposits may produce luminal stenosis. Coronary arterial amyloidosis usually occurs independently of amyloid in other organs. However, when general- ized amyloidosis occurs, the coronary arteries are often also markedly affected.
The incidence of coronary arterial hyalinosis and amyloidosis is clearly age-related (20, 43) : at 5 years, the incidence is 10 percent; at 13 years, it reaches 50.percent. Extensive involvement of the coronary arterial tree in the left ventricle is thought to produce ischemic myocardial necrosis and fibrosis (10, 20) (Fig. 3 ) and this scarring may limit myocardial capacity to adapt to the hemodynamic consequences of mitral valve incompetence (11, 38) .
Atherosclerosis. This term refers to the deposition of different classes of serum lipids within the arterial wall. The tissue responses to lipid deposition include macrophage infiltration; necrosis, fibrosis, calcification, endothelial disruption, and thrombosis. In man, this group oflesions is extremely common and is of major pathologic and clinical importance. In the dog, they are not. It is for this reason that the dog is not considered a particularly useful animal model in atherogenesis studies (30) . Atherosclerosis occurs only sporadically in dogs (21 cases (0.17 percent) were diagnosed at necropsy of more than 12,000 dogs during a 14-yr period at the Animal Medical Center, New York) (28) . There is widespread involvement ofarteries in many organs; affected vessels are grossly thickened, yellow-white and may have narrowed lumina (Figs. 4-6). Histologic features include neutral lipid and cholesterol deposition that can involve all layers of the wall with foamy macrophage infiltration, focal calcification, myocytolysis, and intramural cystic cavitation (Figs. 7, 8) . Thrombosis and associated microscopic ischemic lesions occur occasionally (37), but gross arterial thrombosis is notably infrequent in contrast to the situation in man. In the dog, atherosclerosis is a lesion of the older dog (mean age 8.5 ± 0.5 yr) and is a consequence of the hypercholesterolemia and lipidemia associated with the hypothyroidism of thyroid atrophy. The miniature schnauzer is statistically over-represented in the New York atherosclerotic dogs. This may reflect the idiopathic hyperlipoproteinemia and raised serum levels of low density lipoprotein that have been reported in this breed (39) . Hyperlipoproteinemia is known to increase the accumulation ofcholesterol in aortic smooth muscle cells (31) . and most commonly involves medial smooth muscle cells whose cytologic features have become lost and replaced by a strongly eosinophilic appearance described as fibrinoid. The necrotic tissue also contains proteins derived from insudation by plasma (plasmatic vasculosis); this is followed by inflammation so that arterial necrosis and arteritis commonly co-exist. The following examples of arterial necrosis are listed in Table II and are described briefly in the following sections. 1) Renalfailure. Dogs may have 2 morphologically different types of arterial lesions, in both of which there is necrosis of the vessel wall. The most common is myoarteritis (21, 34) or plasmatic vasculosis (1) affecting predominantly intrarenal arteries and afferent arterioles with less frequent involvement ofvessels in myocardium, tongue, adrenal (Fig.  9) , and gastric submucosa. The latter forms part of the complex pathology of uremic gastropathy (7). Myoarteritis is morphologically similar to the vasculopathy in experimentally-induced hypertension in dogs (14, 15) and some dogs with chronic interstitial nephritis are hypertensive (3) . The other form of arterial disease associated with renal failure in the dog is mucoarteritis. This occurs more commonly in acute renal failure, involves the aorta, pulmonary arterial trunk and left atrium, and is characterized morphologically by mural thrombosis, overlying plaques of subintimal 'necrosis and vasculitis. The necrotic vessel wall usually has an intense basophilic myxomatous appearance associated with local accumulations of glycosaminoglycan.
2) Ischemic arterial necrosis is uncommon. It can result from direct trauma or interference with oxygenation ofthe inner tunica media oflarger vessels as a result of the combined effects of anemia and decreased intimal diffusion (Fig. 10) (4) . .
3) Hypertensive necrosis. Systemic hypertension
occurs in some dogs with nephritis (3) and some nephritic dogs have arterial necrosis as part of the spectrum of lesions in myoarteritis; however, it is not altogether clear whether there is a strong causal association. The other well-recognized, harmful cardiovascular sequelae of systematic hypertension in man are not commonly recognized in the dog. Arterial fibrinoid necrosis has been described in dogs with pheochromocytoma (19) but with no physiologic evidence of hypertension.
4) Toxicarterial necrosis. This is less commonly
recognized in dogs than in man in whom toxic vasculitis is a relatively frequent side effect of drug administration (33) . Fibrinoid necrosis of tunica media ofepicardial and intramural coronary arteries has been described in association with paraquat poisoning (Fig. 11) (24) . In experimental digoxin toxicosis (41), there is vacuolar degeneration ofsmooth muscle of intramural arterioles with medial hemorrhage, fibrinoid necrosis and leukocyte infiltration of media and adventitia. The lesion is associated with myocardial necrosis and is most frequent in 
5) Arteritis.
Fibrinoid necrosis of arterial/arteriolar smooth muscle is a major morphologic component of arteritis and is considered under that heading.
Calcification. Focal calcification commonly accompanies the arterial lesions associated with kidney disease in dogs, particularly where there is secondary hyperparathyroidism in chronic renal failure (Fig. 12) . Extensive arterial (and endocardial) calcification occurs in puppies that have hypervitaminosis D as a result of dietary overdosing.
Proliferative ArterialLesions
Proliferative arterial lesions are mainly characterized by intimal thickening as a result ofmyofibroblast infiltration and proliferation. This is followed by formation of excessive intimal connective tissue that is variably fibrous, muscular, and elastic. In the heart, the consequential luminal stenosis may reduce resting coronary blood flow through the affected vessel if the reduction in luminal diameter is between 60 and 80 percent (32) . Lesser degrees of stenosis of individual vessels are thought not to reduce resting coronary blood flow but widespread vessel narrowing may have an effect that is different from that produced by stenosis at a single site; lesser degrees of arterial stenosis can significantly reduce coronary reserve (32) . In some cases, the intimal thickening may be associated with medial hypertrophy as an adaptive reaction to hypertension. The main patterns are listed in Table III and discussed below.
Idiopathic intimal fibrosis (arteriosclerosis) is a common incidental microscopic finding in canine arteries. Eccentric and concentric plaques of fibrous and musculoelastic tissue are common in both extramural and intramural coronary vessels, especially at bifurcations and at the orifices of derivative branches. There is frequently splitting and fragmentation of adjacent internal elastic lamella; atheroma is not a feature (Fig. 13) . Thrombosis is rarely a complication of such microscopic lesions whose functional importance is uncertain. The prevalence of such lesions is age-related and there is predilection for the left ventricular papillary muscle. Similar change is common in the aorta (30) , cerebral, and spinal arteries (36) . Another variant of this pattern is the small intimal cushion commonly found in left ventricular intramural coronary arterioles between 30 and 150 f.L diameter (Fig. 14) . In addition to fibroelastic tissue, the cushions may also contain fibrin and other components ofplasmatic origin (20) . Occasionally, arteriosclerotic change ofthis type may be widely present to a severe extent throughout the intimal proliferation and medial hypertrophy. The effect of the pulmonary arterial lesions is to cause pulmonary hypertension which exacerbates the lesions in the lung arterial bed and eventually leads to cor pulmonale (25) .
3) Reaction to hypertension. Responsesofarteries to sustained increase in pressure include intimal proliferation of fibroelastic connective tissue and medial hypertrophy. Such changes occur in dogs extramural coronary arterial tree in elderly dogs in congestive cardiac failure (Figs. 15, 16) (22) . In the absence of other morphologic evidence of cardiac disease, it is difficult not to suspect that severe and extensive coronary arteriosclerosis may compromise myocardial function and cardiac reserve.
Adaptive mural thickening describes the reaction of the arterial wall to. persistent abnormal hemodynamic stress or to the presence of adventitial inflammation. There is usually evidence of the cause or the associatedabnormality. Examplesinclude the following: 1) Endarteritis obliterans. This occurscommonly in vessels adjacent to chronic suppurative infections such as those that occur in para-anal fistulae. The lumen of the artery is markedly narrowed by concentric intimal fibroelastic thickening.
2) Reaction to heartworm infestation. Infestation with the heartworm Dirofilaria immitis is common in the eastern and southern coastal regions of the United States. The adult worm lives in the right heart and pulmonary arteries. Two types of arterial lesion develop in affected dogs: a) main pulmonary arterial trunks develop long filiform intimal proliferations; and b) small pulmonary vessels undergo with heartworm infestation, as noted above. Similar changes occur in pulmonary arteries of dogs with congenital cardiac defects such as patent ductus arteriosus or interventricular septal defects that result in left-to-right shunting of blood at systemic pressure through the pulmonary vascular bed. Hypertensive vascular changes have also been described in association with functional pheochromocytoma; these include sclerosis, fibrinoid necrosis and medial thickening of arterioles in kidney, lung, and spleen (19).
4) Coronary arterial stenosis.
In dogs with congenital subaortic stenosis, intramural coronary arteries develop intimal thickening by fibroelastic tis-. . sue and smooth muscle. The lesions are most common in the left ventricular papillary muscle and do not affect extramural coronary branches. Intramural branches of the right ventricle are less frequently and less severely affected. These sclerosing coronary arterial lesions are associated with focal myocardial infarction and fibrosis of the left ventricular myocardium. Intramural coronary arteries with intimal sclerosis also have variable degeneration and fibrosis of the tunica media. The intimal lesion may result from occlusion of the intramyocardial arteries during systole by the raised intramural tension in the presence of lowered coronary arterial perfusion pressure (13) .
Inflammatory Arterial Disease
The main thrust of this symposium results from concern about polyarteritis in the laboratory-maintained dog (6, 16, 40) . In the non-beagle dog, arteritis is uncommon, with only a few case reports of the spontaneous disease (9, 23, 26) .
Naturally occurring arteritis is a sporadic disease of the older dog producing protean physical signs that can include pyrexia, spinal pain, and visual impairment. Neutrophilic leukocytosis is a common laboratory finding. The clinical course can be chronic, episodic, and last for several weeks. The lesion is characterized morphologically as a multifocal chronic active arteritis (Fig. 17) . Fibrinoid medial necrosis is accompanied by intramural and adventitial inflammatory cells in which neutrophilic leukocytes and lymphocytes predominate. Intimal edema is followed by subendothelial fibrous thickening and luminal narrowing. There is widespread in- volvement of arteries throughout many organs with those most commonly affected including the heart, meninges, kidney, adrenal, and thyroid (Figs. 18,  19) . A clinical variant is one in which the signs are predominantly spinal. Necropsy lesions predominate in, or are confined to, the spinal cord where, in addition to necrotizing arteritis, there is hematomyelia ( Fig. 20) (17) . The histologic appearance ofsporadic, naturally occurring arteritis suggests that the pathogenesis is likely to involve immune-complex mediated injury to the vessel wall (12) . In most cases, there is no direct evidence to support this, nor to incriminate specific antigens, although oc- casional cases may occur in both dogs and blue foxes during the course of infection by known pathogens, such as encephalitozoon (5, 35) . Necrotizing pulmonary arteritis and medial hypertrophy have been described in a puppy with a peritoneo-pericardial diaphragmatic hernia (42) . (Table IV ) .
Pathologic Sequels to Arterial Lesions
The sequels to arterial lesions depend on a number of variables namely, the size and number of affected vessels, topographic distribution of the lesion within the vessel wall, and the nature of the arterial bed containing the affected vessel(s) (i.e., whether they have collaterals or are end arteries). In general terms, the consequences of arterial lesions may include: hemorrhage, thrombosis, and ischemic effects-atrophy, necrosis, and fibrosis. These pathologic sequels are not always evident in tissues in which arterial lesions may be incidental of post mortem histologic findings. body survival. Recognition and characterization of arterial lesions in animals used in safety evaluation testing is important, therefore, in minimizing the risks to human health of introducing compounds that are potentially injurious to blood vessels. The objective of detecting drug-induced arterial injury requires knowledge of the spectrum of naturally occurring lesions that can affect the test species. Fortunately for toxicology, the spectrum of background arterial pathology that is likely to be encountered in the dog is a narrow one. Degenerative and proliferative arterial diseases are either age-related or they have well-recognized associations with other diseases. Arteritis is also an uncommon sporadic disease in the non-beagle dog which seems to contrast with the situation in laboratory-maintained beagles in which necrotizing polyarteritis appears to be relatively common. Not only does this pose practical problems in evaluating possible drug-related vasculopathy but it also raises fundamental questions about the causes and pathogenesis of this florid yet enigmatic vascular lesion. 
